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Description 

m0 ta U is SST son SIS on/andenberg, there is described a process of polymerising olefins to high 
was described as useful in combination witn a nyuruw V||| organometallic 

^'Cr^PaintAwSon 2 608,863 discloses the use of a catalyst system for the polymerization of 

!SKA Y ^S^^^^ wh!?h I represents a Cl -C 6 alky, or metal.o 
^tS^P^*3^ the polymerization process employing the homogeneous catalyst 
^r^lTe^^ ^tem, is their extremely high 

activity fofeSe 9 ne po lymeSon. AnotheV significant advantage is that unlike olefin pofrnm uced 

thC ln?P352i V 2 m the patentee discloses that relatively low molecular weight polymer products are obtained 
at SSSi ^STternperstures and relatively high molecular we,ght po.ymers at low 

POlym 3 e [s Z a t eneranJ' knowntJthe art, it is desirable to maximize polymerization temperatures in order to 
?SSXSSX P™dui, one must operate at low temperatures thereby .ncreas.ng 
° Pe " wo 9 uK ZfiESi SS&K^-u. catalysts which can be usefuLy employed to 

"'^JdKhMhl'prBsent invention provides new cyclopentadienyl - metal/alumoxane catalysts for 

""ThSbeen discovered that the molecular weight of polymer product car .be "f^^Jf 1 ^ 

• mSoinel. Sen™ SJ the selection of catalyst components one can tai.or.po.ymer product w,th respect 
tt "tS £. &S J etpCd for the polymerization of ethylene and alpha-olefins to polyethyjene 

as Station compounds which are cyclopentadienyl derivatives of a Group 4b, 5b and 6b metal of the 
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Periodic Table and include mono, di and tricyclopentadienyl ^d thei^erivatives of the transition metals 
The metallocenes include those represented by the general formula <C S R m ) p R , C $ R m Meu 3 .p or 
J» V ?5 MeQ' wherein Me is a Group 4b. 5b, or 6b metal of the Periodic Table (Chem.cal Rubber 
Q^S^Sa^oS^l Physics. 48th edition). <C,R< m ) is a <^^ZiSSSi 

s LcTopentadienyl, each R\ which can be the same or different, is hydrogen or a ^ ™ d B ^^" 

alM alkenvl aryl. alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms or two carbon atoms are 
iomed I Kite form a C -C 6 ring, R" is a C,-C 4 alkylene radical, a dialkyl germanium or sil.cone, or a 
Xm piolph "e or a™ne radioa* bridging two (C,R'J rings, Q is a hydrocarbon radical such as ^aryl, alkyl 
a tenvl alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms or halogen and can be the samer or 

io Sent ? ? an alkyMdene radical having from 1 to 20 carbon atoms, s is 0 or 1 , p is 0, 1 or 2; proved I tha 
s S o when p is o; mis 4 when s is 1 and m is 5 when s is 0 and that at least one R' is a hydrocarbyl rad.cal 
when s=0 and Q is an alkyl radical or halogen. .„ t . 

As an alternative to the above defined methallocenes one can use certa.n carbenes. These are the 

carbene represented by the formula 
?5 Cp2Zr=CH 2 • P(C 6 H S ) 2 CH, 

and its derivative of the formula 
20 Cps ZrCUCmcmC Ha 

and the carbene represented by the formula 

Cp 2 Ti=CH 2 • AI(CH 3 ) 2 CI 

25 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 • AI(CH 3 )3, (Cp 2 TiCH 2 ) 2 , 

so CPi TiCHjCHta-gC Hfr Cp 2 Tl=CH 2 • AIR"' 2 CI, 

wherein Cp is a cyclopentadienyl or substituted cyclopentadienyl radical, and R'" is an alkyl, aryl or 
alkylaryl radical having from 1—18 carbon atoms. 

The molecular weight of the polymer product can be further controlled by the ratio of alumoxane to 

35 ""telZZ ?ntnt?on C 2op e rovides a process for producing polyethylenes having molecular weight at 
relative^ ?hJgh empeZures The process comprises polymerizing ethylene alone or in the presence of 
m nor amounts o "higher alpha-olefins or diolefins in the presence of the catalyst system described above. 
m '^Hw^?K«"^ ere obtained by the use of derivatives of the cyclopentadienyl rmg 

40 and/ o rother ligands for the metallocenes in order to control and tailor polymer molecular we.ght and/or 

CO Tr P %s C eTinvention is directed towards catalyst systems and a catalytic process for the 
oolvmerizK of S, and particularly ethylene to high molecular weight polyethylenes such as linear 
Few denS polyethylene (LLDPE) and high density polyethylene (HDPE). The polymers are mtended for 
45 fXicationinto articles by extrusion, injection molding, thermoforming. rotational molding, and the like ..In 
□art icu far the polymers of this invention are homopolymers of ethylene, and copolymers of ethylene with 
hfgher alpha oSns having from 3 to 10 carbon atoms and preferably 4 to 8 carbon atoms per molecule. 
Illustrative of the higher alpha-olefins are butene-1, hexene-1 and octene-1. 
so In the process of the present invention, ethylene, either alone or together with a 'P na -° ,efin . s e ! iavi " 9 I f 9 o r 
more S "atoms per molecule, is polymerized in the presence of a catalyst system compnsing at least 

nnp metallocene or carbene as hereinbefore defined and an alumoxane. 

In SoaSce wiS this invention, one can also produce olefin copolymers particularly copolymers of 
in accordance w 11 ■ » havina from 3—18 carbon atoms per molecule. As indicated above, the 

* co^ *• 1 meta,,ocene ° r Carbene Cat8,VSt 

component polymeric aluminum compounds which can be represented by the general 

fernSae IR-aS) wmcMs a cyclic compound and R(R_AI-0-) 1( AIR 2 , which is a linear compound. In 
hrqenerSfofmula Rfe ;lc n ^C 5 alkyl group such as, for example, methyl, ethyl, propyl. but,l and I pentyl 

60 and n "s an intege from 1 to 20. Most preferably. R is methyl. Generally, in the preparation of alumoxane. 
Tom forexamplelTminum trimethyl and water, a mixture of the linear and cychc compounds is 

° bta Th e e d alumoxanes can be prepared in various ways. Preferably, they are prepared by contacting water 
with asofi? ^ofalummumtrialkyl. such as, for example, aluminum trimethyl, in a suitable organic solvent 
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form of a moist solvent In an alternative method, the aluminum alkyl such as aluminum trimethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate. 

Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 
comprises treating a dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfate 
5 represented by the general formula CuS0 4 • 5H 2 0. The ratio of copper sulfate to aluminum trimethyl is 
desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction is evidenced 
by the evolution of methane. 

The new metallocene compounds usefully employed in accordance with this invention are the mono, 
bi and tricyclopentadienyl or substituted cyciopentadienyl metal compounds. The metallocenes are 
70 represented by the general formula 

(C 5 R'J p R^(C 5 R'JMeQ 3 -p, R" 8 {C 5 R' m ) 2 MeQ' 

or a derivative thereof as specified above. 
75 Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl, isoamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethyIhexyl and phenyl. 

Exemplary alkyiene radicals are methylene, ethylene and propylene. 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlorine 
is preferred. 

20 Exemplary of the alkylidene radicals is methylidene, ethylidene and propylene. 

Of the metallocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-limiting 
examples of these metallocenes which can be usefully employed in accordance with this invention are 
monocyclopentadienyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
bisfCp)Ti(lV) compounds such as bis(indenyl)Ti diphenyl or dichloride, bis(methylcyc!opentadienyl)Ti 
25 diphenyl or dihalides and other dihalide complexes; dialkyl, trialkyl, tetra-alkyl and penta-alkyl cyciopenta- 
dienyl titanium compounds such as bis{1,2 - dimethylcyclopentadienyDTi diphenyl or dichloride, bis(1,2 - 
diethylcyclopentadienyim diphenyl or dichloride and other dihalide complexes; silicone, phosphine, 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadienyl titanium 
diphenyl or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl or dichloride, methylene- 
30 dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6,7 - tetrahydroindenyDtitanium 
dichloride and other dihalide complexes. 

Illustrative but non-limiting examples of the zirconocenes which can be usefully employed in 
accordance with this invention are pentamethylcyclopentadienyl zirconium trichloride, the alkyl substituted 
cyclopentadienes, such as bis(ethyl cyclopentadienyl)zirconium dimethyl, bis(0 - phenyl propylcyclo penta- 
ds dienyl)zirconium dimethyl, bis(methyIcyclopentadienyl)zirconium dimethyl, and dihalide complexes of the 
above; di-aikyl, tri-alkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, such as bis(tetramethylcyclopenta- 
dienyDzirconium dimethyl, bis(pentamethylcyclopentadienyl)zirconium dimethyl, bis(1,2 - dimethylcyclo- 
pentadienyDzirconium dimethyl, bis(1,3 - diethylcyclopentadienyDzirconium dimethyl and dihalide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene complexes such as 
4» dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and methyiphosphine dicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 
45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyciohexane, toluene 
and xylene. 

As a further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results in higher polymer product 
so molecular weight. 

Since, in accordance with this invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 
ss pressures. For example, such temperatures may be in the range of -60°C to 280°C and especially in the 
range of 50°C to 160°C. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in molar ratios of about 5x10~ 3 M. However 
60 greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 
polymerizations. 

65 After polymerization and deactivation of the catalyst, the product polymer can be recovered by 
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processes we., known in the art for removal o, i^^^^e^ S^Se^ 
be added to the polymer. a< . rordance with this invention will have a weight average molecular 

Weight Distribution (EP— Ar-128 045). ranah |P of beina fabricated into a 

3fi& - ff^"»K3£- by tho «»-n 3 .xampiea. 

150C are (Gel Permeation <*^SSS^L!^TtSScSSiZ performed at US-C in TCB at 1.5 
elrnoles in hot triohlorobenasne ITCBI and Altered. The ere run s w o Parkin Eltnet Ino 300 

» 3Sn X «» Sh.de* ABC. MB 0, •^".^'.Sn.^Ie nans moored rr. 
milliliter of 3.1 percent s ° lun ? ns " J C . ou T?5 Th™ samples wee run in doplicate. The mteflrstton 
522. — --a- - "12oiI.ee d.,a>m.d* An .nUoxide* N . phenyl • 2 
naphthylamine, was added to all samples. 

.„ the examples following the alumoxane was prepared ^^^^S£^'c^\rmmM» 

600 cm'ofTl! 5% solution of ^S>ffSP^^!SS^ «««" under ST fi 
at 5 minute intervals, with rapid st.rr.ng, ^SmS^S^ by the addition of 0.3 cm' water The 
maintained at 100°C. Each increment was ■ 'mmed'atrty ;°3^i 0 -L theadd i t ion. the reactor was stirred 
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Mil the pressure VML 1J.0 cm' of ^JB-P J » J""™.,, „ as a, UOO rpma end 

the vessel Py a gae tight synnge through the ^septum i iniei en ocen tarlienyl tireonium acMortde 

SSctoS SmLs « 0 prig ^^tSH^£S£*Z-&'» "« *» ,he ^igSc 

a molecular weight distribution of 3.5. 

for temperature control, a septum inlet and vent line. a "° 8r ^ f d degasse d toluene was introduced 

Srm«?» 

Schloride dissolved in 2.0 ml ■ of dry d stilled tol J^Ji J 60 psig was admitted for 30 minutes wh.le 
to give an Al/Zr ratio of 24x10*. After 1 in^JJJJ * topped rapidly venting and cooling 28.6 i g o 
maintaining the reaction vessel la, W C -J^™?^*an<i*™" * 212.000 with a molecular weight 
powdery white polyethylene having a Mn or db*u 
distribution of 3.8 and activity (kg/g.h.atm) of 467. 

Example 3-5 _ |e 2 excep t that the metallocenes listed in Table si were 

Examples 3-5 w ^ e ^fj^l7jhl resulte of the examples are summarized in Table 
substituted for the metallocene in Example 
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Examples 6—8 

Examples 6—8 were performed as Example II except that 0.2 mg of metallocenes as listed in Table II 
and 9.0 cm 3 alumoxane were employed giving an Al/Zr of 8x10 3 . The results are summarized in Table II. 

TABLE I 

Substituted cyclopentadiene (Cp) ligand effects 
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Example 


Catalyst*- 


Mw 


Mn 
rvin 


IVI ww \J 


Activity 

Irnfa h atm 


1 


Cp2ZrCI 2 


140,000 


39,500 


3.5 


252 


2 


(MeCp)2ZrCI 2 


212,000 


55,900 


3.8 


467 


3 


(EtCp) 2 ZrCI 2 


171,000 


44,700 


3.8 


306 


4 


(B-PP-Cp) 2 ZrCI 2 b - 


282,000 


78,200 


3.6 


335 


5 


(Me 5 Cp) 2 ZrCI 2 


63,000 


13,200 


4.7 


71 


**AI/Zr= 24,000 
**pp=phenyl propyl 














TABLE II 








Example 


Catalyst*- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


6 


(Me 5 Cp) 2 ZrCI 2 


47,300 


13,200 


3.6 


142 


7 


(MeCp) 2 ZrCI 2 


180,000 


48,300 


3.7 


278 


8 


(EtCp) 2 ZrCI 2 


184,000 


50,000 


3.7 


281 



**AI/Zr=8,000 

The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
40 the polymer density. The previous examples have demonstrated that through the ligand effect, one can 
control the molecular weight of polyethytenes. The following examples demonstrate that through the same 
ligand effects, one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

45 

Example 9 (comparative) 

A Miter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed toluene was introduced 

so directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
and 50°C for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm 3 of liquid propylene at 25°C was then added 
resulting in a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zirconium dimethyl in 10 
ml of toluene was injected through the septum inlet into the vessel. Ethylene at 152.1 psig (1148 kPa) was 

55 admitted and the reaction vessel was maintained at 50°C. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm 3 at 23°C. 



60 Example 10 

A 1-liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total aluminum) was injected 
65 into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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and50Xfor5minutesat^^ 

a pressure of 126.2 psig. (969.4 kPa) 0.102 W* to«™V^<* p 2 j (1150 kPa) was 

ml of toluene was injected through the septum m le . mtot "hy^u ^ ^ for 

admitted and the reaction vesse was mB ^^ J^cSl^Sig and cooHng the reactor. 12.0 gms of 
5 Spot- ^VSSttSSXZ [Srr C h 9 contained 43 mo.e % propylene. The 
density was 0.854 g/cm 3 at 23°C. 

. ^Vrsta^^ 

for temperature control, a 400 cm 3 0 "3" degassed toluene was introduced 

■ was dried and deoxygenated with a , nit vgen flow. « 0 * m ° 8 ^ Q J jn tota , alum inum) was injected 
directly into the pressure vessel. 10.0 cm 3 of alumo xaneso lut on iu x d ^ y 2Q0 rpmg 

into the vessel by a gas tight syringe *r°ugh the septum inlet and the moau ^ tnen added 

,5 and 50'C for 5 minutes at 0 ps.g ma Wa) f JJJJJ^S £SS&^^ 

resulting in a pressure of 126.2 pa g i (969.4 kPal mi mg h ^ ^ 5 ps|g 

dimethyl in 10 ml of toleuene was »^J*2?2i?S SSSId at BO? The ethylene was passed into the 
(1 140 kPa) was admitted and the reaction vessel w « m amtamea i nou w. y reactor 

vessel for 25 minutes at which time the "^j^*^* ? 8 SedwWch contained 3.6 mole % 
20 30.5 g of copolymer having an intrinsic v scosrty of 0.81 was .solatea w 
propylene. The density was 0.934 g/cm 3 at 23 C. 

Claims 

» ^AcataiystsuitabMorthepo^^ 
formula 

Cp 2 Zr=CH 2 P(C«H 5 ) 2 CH 3 

30 and its derivative of the formula 

Cp 2 ZrCH 2 CH(CH 3 )C H 2 



35 



and the carbene represented by the formula 

Cp 2 Ti=CH 2 • AI(CH 3 ) 2 CI 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 -AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 , 

Cp 2 i fiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 -AIR''' a CI, 

(C 6 R' B1 ) P R".(CsB'»)MeQ 3 -p or R".(C 5 R*„,> 2 MeQ', 

. ^ aw cK«rBhmPtal JC.R' ) is cyclopentadienyl or substituted cyclopentadienyl, each 
wherein Me is a Group 4b, 5b or 6b metal, (C S R J \s xyciop y Qr rgd , 

R' which can be of the same different, « Jgg^laC^fann a fused ^ rin9 ' R " iS 3 C,_C4 
having from 1 to 20 carbon atoms or two R 'f™ 8 "™ 6 ™; 'JL, pnospn jne or amine radical bridging two 
alkylene radical, a dialkyl german.um or -«heoni .or jm JWPJJJ R , „ Ma , or arvlalkyl rad ical 
(C 5 R' m ) rings, each Q which can be the same or d.ff " /' fr0 Y m no 20 carbon atoms. 
Laving from 1 to 20 carbon atoms when s is 0; and that at 

s is 0 or 1, p is 0, 1 or 2; prov,ded ^"°™^Sbm2cA radical or halogen and (b) an alumoxane. 
least one R' is a hydrocarby radical when and I O » an awy ™ » js meth |f etnyl or butyl . 

2. A catalyst according to claim 1 v*ere.rv when p is 0, "/J c Jg |o ntadlenyl) titaniu m diphenyl, 

3. A catalyst according ,tc jclaim '^^ZZS^S^Sli ionium dich.oride. bisjethylcyclo- 

iSSSS^^ EEEKM> - -ahydroindeny.) titanium 

diCh ?A e p rocess for polymerising one or more olefins which comprises conducting the polymerisation in 
s the presence of a catalyst system as claimed in any one of cla.ms 1 to 3. 
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carbon atoms per molecule. 
Patentanspruche 

' ,. Katalysator, 9 ,„ 9 ne« • * Po*^* *. « «— » *- 

CpzZr^CHzPtCeHslaCHg 



10 und sein Derivat der Formel 



Cp, ZrCH 2 CH(CH3)C H 2 



und das Carben der Formel 

Cp 2 Ti^CH 2 -AI(CH 3 ) 2 CI 

und die Derivate dieses Carbens 

Cp 2 Ti=CH 2 -AI(CH 3 )3, <Cp 2 TiCH 2 ) 2 , 

20 

CD, TiCH,CH(CH 3 )C H 2 , Cp*Ti=CHa • AIR'*' 2 CI, 

(C 5 R'JpR".(C s R'JMeQ 3 - P oder R''.(C 5 R'm) 8 MeQ' 

ist. W onnMeeinMeta^^^ 
30 Cyclopentadienylrest ist, jeder Rest P I. der ^gle *cn °^ 0 ™ enstoffatornen ist oder zwei R'-Substttuenten 
Aikenyh Aryl-. Alkylaryt- oder ^^^^'^^^ Alkylenrest, ein Dialkylgermaniurn oder 
zusammen einen kondens.erten C*-CrJnQ b, ' den j" , g" R T\ Ri 4 nge m iteinander verbindet, ist, jeder Rest 
Silicon Oder ein AJkylp^ 

fsf LnW:SSSle»t'^^S;est ?st. wenn s=0 und 0 ein Arrest oder 
Halogenatom ist und (b) ein Alumoxan ^ ^ 

2. Kataiysator nach Anspruch i 1 ^ C , h a fbSyclopentadi^nyi) - Titandiphenyi, 

« 3. Katalysator nach Anspruch 1, wonn d^ . zTrtoniumdichlorid, bis(Ethylcyc o- 

45 dichlorid ist. . . mehrerer define, bei dem man die Polymerisation in 

5. V.*h«n n*h top™* 4. bei tm OWio BWta Oder « ^.-Olefin M 3 b. 
50 Kohlenstoffatomen pro Molekul ist. 

Revendications 

1. Cataiyseur apte a etre utilise pour la polymerisation d'une define, comprenant (a) le carbene 
5 5 represents par la formule 

Cp 2 Zr=CH 2 P(C 6 H 5 ) 2 CH 3 

et son derive de formule 
eo Cp 2 ZrCH 2 CH(CH 3 )C H 2 et 

le carbene represents par la formule 

Cp 2 Ti=CH 2 -AI(CH 3 ) 2 CI 
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et les derives de ce carbine, 

Cp 2 Ti=CH 2 - AI(CH 3 ) 3 , (Cp 2 TiCH 2 ) 2 , 

5 Cpa JiCHzCHtCH^C H^ Cp 2 Ti=CH 2 - AIR"' 2 CI, 

ou Cp est un radical cyclopentadienyle ou cyclopentadienyle substitue, et R'" est un radical alkyle, aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compost de formule 

to (C 5 R' m ) p R" s (C 5 R' m )MeQ 3 -p ou R'' a (C 5 R'J 2 MeQ\ 

dans laquelle Me est un m6ta! du Groupe 4b, 5b et 6b, (C 5 R'm) est un radical cyclopentadienyle ou 
cyclopentadienyle substitue, chacun des R' qui peuvent itre identiques ou diff6rents repr£sente 
I'hydrogene, un radical alkyle, alcenyle, aryle, alkylaryle ou arylalkyle ayant 1 a 20 atomes de carbone ou 

75 bien deux substituants R' forment ensemble un noyau condense en C 4 a R" est un radical alkylene en 
a C 4 , un dialkylgermanium ou une silicone ou un radical alkylphosphine ou amine pontant deux noyaux 
(C 5 R' J, chacun des Q qui peuvent §tre identiques ou differents est un radical aryle, alkyle, alcSnyle, 
• alkylaryle ou arylalkyle ayant 1 a 20 atomes de carbone ou un halogene, Q' est un radical alkylidene ayant 1 
a 20 atomes de carbone, s a la valeurOou 1,p a lavaleurO, 1 ou 2; sous reserve que s soit 6gal a 0 lorsquep 

20 est 6gal a 0; que m soit egal a 4 lorsque s est £gal a 1 ; que m soit 6gal a 5 lorsque s est 6gal a 0; et qu'au 
moins I'un des R' soit un radical hydrocarbyle lorsque s est 6gal a 0 et Q est un radical alkyle ou un 
halogene, et (b) un alumoxane. 

2. Catalyseur suivant la revendication 1, dans lequel p est 6gal a 0, Q est le chlore et R' est un radical 
mSthyle, ethyle ou butyle. 

25 3. Catalyseur suivant la revendication 1, dans lequel le compose (a) est le bis(cyclopentadienyl)titane- 
diphenyle, le bis(cyclopentadienyl)Ti=CH 2 Al(CH 3 ) 2 CI, le dichlorure le bis(methylcyclopentadienyl)- 
zirconium, le dichlorure de bistethylcyclopentadienyl (zirconium, le dichlorure de bis(g - phenylpropyl- 
cyclopentadienyljzirconium, le dichlorure de bis(pentamethylcyclopentadi£nyl)zirconium, le bis(t6tra- 
methylcyclopentadienyDzirconium - dimethyle, le bis(ethylcyclopentadienyl)zirconium - dim6thyle ou le 

30 dichlorure d'ethylene - bis(4,5,6,7 - t&rahydro - indenyUtitane. 

4. Procede de polymerisation d'une ou piusieurs ol£fines, qui consiste a conduire la polymerisation en 
presence d'un catalyseur suivant Tune quelconque des revendications 1 a 3. 

5. Proc£d6 suivant la revendication 4, dans lequel I'olefine est I'ethylene ou une alpha-o!6fine ayant 3 a 
8 atomes de carbone par molecule. 
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